The coefficient α of the Rashba spin-orbit interaction is calculated in an asymmetric quantum well consisting of Ga 0.47 In 0.53 As (well), Al 0.48 In 0.52 As (left barrier), and Al x Ga 1−x As y Sb 1−y (right barrier) as a function of the external electric field perpendicular to the well E ex z which is controlled by the gate voltage. This coefficient α, which depends on the band offset, can be tuned to be zero by adjusting the Al fraction x in the right barrier layer to the optimum value x 0 in the case where the wave function vanishes at the left heterointerface. Such a composition-adjusted asymmetric quantum well is proposed as a structure in which the magnitude of α can be switched by changing the polarity of E ex z . The calculation shows that, when |x − x 0 | < 0.01, the on/off |α| ratio >40 for a large enough |E Spintronics [1, 2] , which explores the application of the spin degree of freedom to electronics, is one of the major subjects in applied physics. As a milestone in spintronics, Datta and Das have proposed a spin field-effect transistor (FET) [3] , in which the spin orientation of an electron, in transport through a two-dimensional channel, rotates around the in-plane effective magnetic field (B eff ) induced by the Rashba spin-orbit interaction [4] [5] [6] [7] . The angular frequency of the spin rotation is proportional to B eff (≡|B eff |). This effective magnetic field switches the current on and off each time the change of B eff increases the angle of the spin rotation in the channel by π . Therefore the action of this spin FET relies on the control of B eff by the gate voltage, that is, by the external electric field perpendicular to the plane E ex z , which has been confirmed by experiments in quantum wells [8] [9] [10] .
, leading to the on/off current ratio I on /I off = (E H z /E L z ) 2 . Unfortunately, this method requires a precise control of the gate voltage to achieve a high on/off current ratio because E L z must be in the close vicinity of E ex z = 0. We have recently found [16] that B eff due to the Rashba spin-orbit interaction and the resulting spin-relaxation rate vary in a wide range by changing the band offsets (of conduction, valence, and split-off bands) between the well and barrier semiconductors in a quantum well. In particular, the coefficient α of the Rashba spin-orbit interaction (and of B eff ) can be tuned to vanish by adjusting the band offsets. For example, in a quantum well consisting of Ga 0.47 In 0.53 As (well) and Al x Ga 1−x As y Sb 1−y (barrier), where the band offsets change with the Al fraction x, α and the associated spin-relaxation rate become zero at an optimum fraction x 0 .
In this paper we propose and explore the gate-voltageinduced switching of the Rashba coefficient α by using the above-mentioned band-offset dependence of α. The first key factor of the proposed switching is an asymmetric quantum-well structure with two barrier layers formed by different semiconductors, Al x Ga 1−x As y Sb 1−y (x ≈ x 0 ) and Al 0.48 In 0.52 As. This combination of barrier semiconductors is chosen so that one (the other) interface is that in a symmetric quantum well with a small |α| (a large |α|). The second is the wave function deformation due to the external electric field E ex z , which is produced by the gate voltage. Then the gate voltage switches |α| on and off as the external electric field moves the wave function to the interface with a large |α| and to that with a small |α|. We examine the on/off |α| ratio when the Al fraction x in Al x Ga 1−x As y Sb 1−y deviates from the optimum value x 0 and investigate the required |E ex z |. We consider an electron in the conduction band of a quantum-well structure which is formed by three different semiconductors with the zinc-blende structure ( 
wherep z = −i ∇ z = −i ∂/∂z and m is the effective mass of the conduction band. The confining potential V W (z) is
Here V c bo (z) is the potential due to the conduction-band offset (Fig. 1) , the expression of which is given later with those for valence bands. The second term V es (z), which is the electrostatic potential due to the charge distribution in the quantum-well structure, satisfies the Poisson equation
where
with the static dielectric constant, −e the electron charge (e > 0), and N s the sheet density of electrons. The total electric field is E z = ∇ z V es /e, while the external electric field E ex z is that induced by ionized donors and charge induced on the gate electrode. Such charges, which are placed in z < z d , are assumed to be far away from the quantum well so that E ex z acting on electrons is constant (this assumption can be satisfied by employing the widely used modulation doping where the spacer layer thicker than 10 nm is inserted between the well layer and each doped layer so that the penetration of the wave function into each doped layer is negligible). We introduce the areal external-charge density in the left side of the well (z < z 
The charge neutrality gives
We derive the formula for the spin-orbit interaction induced by the band offsets and the electrostatic potential, which is denoted by V so W , as well as the Rashba coefficient α in the case of an asymmetric quantum well consisting of three different semiconductors [17] . In deriving V so W we employ the k · p theory developed for heterostructures [18, 19] (it has been shown in a number of papers [9, 10, [20] [21] [22] [23] [24] that the Rashba coefficient α derived by the k · p theory in various heterostructures agrees well with the experimental value and with that calculated in the tight-binding model). Then we obtain, for an electron with wave numbers k x and k y in the conduction band,
where σ x and σ y are the Pauli spin matrices and P is the Kane matrix element [25] . In this equation,
where E is the electron energy measured from the conductionband bottom of S W , whileẼ v (Ẽ s ) is the diagonal element of the 8 × 8 Kane Hamiltonian, corresponding to the heavy-hole plus light-hole bands (the split-off band). They are given bỹ 
where i = c,v,s, = L,R, and
while E c , E v , and E s are the band offsets of the semiconductor S B relative to S W : 
and V s bo since they are nonzero only in the barrier layers where the squared wave function is small (we have confirmed by the numerical calculation that the correction due to V v bo and V s bo in this contribution is less than 6 percent in the cases we considered in this paper). We finally obtain the expression for V
with
Here η is the effective coupling constant of the spin-orbit interaction for an electron in the conduction band of the semiconductor S W , given by
and b off ( = L,R) is defined by [16] 
(14) Equation (11) with (12) shows that the spin-orbit interaction V so W for an electron in the conduction band, due to the band offsets and the electrostatic potential, is not proportional to Here we use the equality 0|(∇ z V W )|0 = 0, which means that forces on an electron in a bound eigenstate are balanced [26, 27] (the equality is derived according to [28] in [29] ). Then we obtain the expression of α using values of the wave function at interfaces:
First we assume, for simplicity, that the wave function vanishes at the left heterointerface, that is, ϕ 0 (z L I ) = 0 [the numerically calculated wave function, shown in Fig. 3(b) , is reduced considerably at the left heterointerface by applying a large negative E 
For a deviation of |x − x 0 | = 0.01, we have |b Fig. 2 . Therefore we obtain R α ≈ 40, which leads to the on/off ratio of the spin-relaxation rate (R sr ) exceeding 10 3 in the Dyakonov-Perel mechanism where R sr = (R α ) 2 . In order to examine how large |E 
